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Abstract 
XML has gained popularity for information representation, exchange and 
retrieval. As the XML material becomes more abundant, the ability to gain 
knowledge from XML sources decreases due to their heterogeneity and structural 
irregularity. The use of data mining techniques becomes essential to improve XML 
document handling. This paper discusses the capabilities and the process of 
applying data mining techniques in XML sources.  
 
1   Introduction 
 
As the Web becomes more prevalent for exchanging and discovering information, there 
is an increasing wealth of knowledge with the potential for finding information about 
anything. Additionally XML, eXtensible Markup Language, [25] has gained popularity 
for the representation and exchange of data. The explosive growth in XML sources 
presents an enormous opportunity for the mining of useful data.  
XML allows the representation of semi-structured and hierarchal data, containing 
not only the values of individual items but also the relationships between data items by 
tagging the pertinent information. Due to the inherent flexibility of XML, in both 
structure and semantics, discovering knowledge from XML data is faced with new 
challenges as well as benefits. Mining of structure along with content provides new 
insights and means into the process of knowledge discovery. For example, clustering of 
XML documents according to their structural homogeneity facilitates a number of 
applications such as improved information retrieval, data and schema integration, 
document classification analysis, structure summary and indexing, data warehousing, 
and improved query processing.  
The XML mining research is an emerging area. This paper aims to discuss the 
process of applying data mining (DM) techniques to XML data. 
   
2   XML Mining: Overview and Applications 
  
DM has been around for several years for exploration of interesting knowledge or 
information from a large amount of data. Mining of XML documents significantly 
differs from data mining and text mining. XML mining is the use of DM techniques to 
automatically discover and extract information from sources of XML documents. The 
XML property that embeds the semantic and structural aspects to document contents 
offers new opportunities of DM. For example, after identifying similarities among 
various XML documents (using clustering), links between tags that occur together 
within a group of XML documents can be analysed (using association mining). This 
may prove useful in analysis of e-commerce web documents recommending 
personalisation of web pages.  
Since XML documents represent their data in a hierarchical format, this also poses 
challenges for DM, Moreover, everyone can design their own XML document with 
great flexibilities and little restrictions.  Many see this as one of the greatest strength of 
XML, however, this makes the process of document handling difficult. Consider parts 
of two documents: <craft>boat building</craft> and <craft> boat </craft>. The 
intended interpretation of the former is ‘occupation’, and of the latter ‘vessel’.  The 
similarity of the content does not distinguish the semantic intention of the tags.  Use of 
structure mining in this case provides probabilities of a tag having a particular 
meaning. For example, a mining rule inferred from a collection of XML documents is 
“80% of the time, if an XML document contains a <craft> tag then it also contains a 
<license> tag”. Such a rule now assists to determine the appropriate interpretation for 
such homographic tags. Hence, mining for the structure and content of documents 
assist to clarify in case when two documents appearing similar are actually completely 
different, given homographs. There are many benefits and applications that can be 
obtained with the XML data mining techniques such as: 
• Enhancing the effectiveness of sharing information among various industries and 
government by proposing techniques for organizing and integrating various 
heterogeneous and distributed XML documents. 
• Improving the accuracy and speed of the XML-based search engines in retrieving 
the relevant portions of data (1) by suggesting XML documents according to the 
similarity of their structure and content, and (2) by discovering the links between 
XML tags that occur together within the XML documents. For example, a DM rule 
can discover that “<telephone> tags must appear within <customer> tags” from a 
collection of XML documents. This information can be used by searching only 
<customer> tags when executing a query about finding <telephone> details thus 
making the information retrieval better. 
• Improving XML document handling and achieving efficient searches on relevant 
documents by using the developed set of predefined classification of documents. 
• Better representation of information provided in Web sites with better restructuring 
by recommending (1) Web links that occur together; and (2) Web documents that 
are similar in structure and content. 
 
3 XML Mining: Process  
 
The XML mining process combines the pre-processing, pattern discovery and post-
processing. Pre-processing the XML data for mining is the extraction of relevant XML 
structures and contents from the specific resources. Pattern discovery is the application 
of mining techniques on processed data to explore the interesting information. Lastly, 
the mined patterns are validated and interpreted in the post-processing phase.  
 
3.1 Pre-processing: Extraction of XML Structure 
 
The main goal of pre-processing is to find a successful way of extracting structure from 
XML documents, so a DM technique can be applied to look for interesting patterns. 
The output of this process is mostly a tree or graph representation that yields the 
structure of the document or schema.  
It is not mandatory for an XML document to have a schema that defines its data 
definition and structure [25]. A schema describes the grammar for an XML document 
that allows the parsing of the document. XML documents are classified as “ill-formed, 
“well-formed” and “valid” according to their structures [25]. Well-formed documents 
may have a schema, but they do not conform to it. A valid XML document is well 
formed, and must additionally conform (at least) to an explicitly associated schema.  
Given the schemas attached to the well-formed or valid documents, the extraction 
of structures of these documents can be performed directly. The extracted structure can 
be represented as a tree format, or can be used for creating a relational representation of 
the data. The structure can be presented as a table with attributes, which can 
accommodate the embedded data. If the hierarchy of the attributes is deeper, then 
database techniques such as adding more relations and foreign keys or/and 
normalization techniques can be used to accommodate the structure and the data. For a 
well-formed XML document, it is necessary to check the validity of the document with 
respect to its associated schema, in case an inappropriate schema is defined. A variety 
of XML tools, known as validating parsers, are developed to verify the conformance of 
well-formed XML documents against their schemas [15]. Moreover, the well-formed 
documents may not always have an accompanying schema, since the presence of a 
schema is not mandatory. To describe the semantic structure of these documents, a 
number of schema extraction tools are needed (and developed) [8, 12] to generate 
schemas for these documents.  
In practice, XML documents are often without schemas, or without any fixed and 
rigid structure. Schema for such ill-formed XML documents can be extracted by 
applying the structure extraction approaches developed for semistructured documents 
[1, 16] or by using the corresponding data graph to produce the most specific (accurate 
and concise) data guide/schema [20, 22].  
 
3.2 Pre-processing: Extraction of XML Content  
 
Before knowledge discovery in XML documents can occur, it is necessary to have 
some means of querying XML tags and content to prepare the XML material for 
mining. There are a number of query languages - specifically designed for XML [3], 
and those for semi-structured data [9] in general - to retrieve the XML content. 
 
3.3 Pattern Discovery: Combining structure and content  
 
Many XML data mining techniques have been developed to mine the useful 
information from the structure and content of XML. We divide the techniques into 
three areas: clustering, classification and association. 
 
3.3.1 XML Clustering Mining 
 
There have been a myriad of techniques developed for finding similarity between 
documents or schemas [2, 10, 13, 14, 17, 18, 23]. These techniques are mainly used in 
data/schema integration or approximating querying based on the similarity between 
two sources. These techniques also facilitate the clustering process. These techniques 
usually find similarities between XML sources by considering the XML semantic 
information such as the linguistic and the context of the elements as well as the 
hierarchical structure. The process usually starts by considering the tree structures, as 
derived in the pre-processing step. The semantic similarity is measured by comparing 
each pair of elements of two trees primarily based on their names taking into account 
the acronyms, synonyms, hyponyms, hypernyms. The structural similarity is measured 
by considering the hierarchical positions of elements in the tree. The utilization of 
sequential patterns mining algorithms [11] has been used by many researchers [13, 14, 
18] to measure structural similarity. These algorithms represent a tree by a set of 
paths/sequences. A path is represented by a unique sequence of element nodes 
following the containment links from the root down to the leaf node. The sequential 
patterns algorithm computes the maximal similar paths between XML documents. The 
combination of semantic and structural similarity is represented as a similarity matrix. 
The k-means or hierarchical agglomerative clustering algorithms [11] generate clusters 
of XML documents.  
 
3.3.2 XML Association Mining 
 
XML sources are generally represented as an ordered labelled or unordered labelled 
tree.  The task is to build up associations among trees (or sub-trees or sub-graphs or 
paths) rather than items as in traditional mining. The frequent tree mining extracts 
substructures that occur frequently among a set of XML documents or within an 
individual XML document. These frequent substructures generate association rules. 
However, the frequent substructures are hierarchical and counting support requires 
more than just the join of flat sets.  The generation of frequent substructures is different 
from traditional mining in which there is no predefined candidate set, instead it is 
generated incrementally at each step by merging elements in frequent set of previous 
round. Since we are dealing with a hierarchical structure, a candidate set already exists. 
Additionally, in each round, the merging of current candidate sets derives a larger 
frequent fragment set. The much larger search space requires more effective pruning 
strategies to eliminate the candidate item-sets in previous round and merging strategies 
to combine candidate item-sets in next round. Recently a number of researchers have 
developed algorithms that detect frequently occurring substructures from structural data 
collections [4, 5, 19, 27].  A number of techniques use the expressive power of the 
query languages to extract association rules [4], or still rely on the traditional 
framework with an XML interface [7]. This requires the users to be familiar with the 
internal structure and content of the documents(s). The generation of association rules 
from the frequent hierarchal trees is still an unsolved problem. 
 
3.3.3 XML Classification Mining 
 
The classification task is applicable to a wide variety of problems in XML, however, it 
is yet to be well studied. The task is to find structural rules in order to classify XML 
documents into the set of predefined classifications of documents. In the training phase, 
a set of structural classification rules are built that can be used in the learning phase to 
classify data (with unknown classes). The existing classification algorithms are not 
efficient to classify the XML documents because they are not capable of exploring the 
structural information. Few researchers have developed generic (e.g., information 
retrieval (IR) based and association based) classifiers as well as specific (e.g. rule based 
according to structures) classifiers for XML [7, 21, 26]. These specific algorithms use 
the support vector machine (SVM) or the naïve bayes algorithm [11] in the training 
phase using the semantics and structural information. 
 
3.4 Post-processing: Interpreting mined patterns 
 
The post-processing involves the analysis and assimilation of the generated XML 
pattern model(s) to discover the useful knowledge. Due to the parameters that govern 
by different tools, it is essential to ensure that the resultant model can be properly 
interpreted and clearly explains its performance. The mining model should be 
visualized in human-friendly fashion to improve the usability of data models.  
Conventionally, data models generated from mining algorithms are treated 
differently depending on the application. This encounters problems when complex 
XML implementation comes from many types of mining tools, which are released from 
different leading XML-enabled databases and application vendors. Each tool has its 
own post-processing module that it uses to communicate the obtained result. Recently, 
the approach of applying XML based markup languages that describe the data mining 
process makes the discovered patterns interchangeable among many applications. 
There have been developments like Predictive Model Markup Language (PMML) [6] 
for utilizing XML to specify several kinds of data mining models. A set of DTDs 
included in PMML is used to support several types of data mining models. By 
employing PMML, mining XML documents from multiple sources can be achieved 
without having to deal with individual differences between those sources and can be 
utilized across various types of applications. Another language - XDMSL (XML Data 
Mining Specification Language) - extends the mark-up language approach to the whole 
process of knowledge discovery [24].  
 
4   Conclusions and Future Work 
 
With the growing importance of XML documents as a means to represent data and with 
the increasing need for relevant information, there has been extensive effort on 
devising new technologies to process and integrate various XML documents. Although 
XML has the potential to effectively improve the exchange of information between 
different entities, its use and adoption is still in its infancy. Until standards committees 
throughout the world have developed a clear standard framework for its use, the full 
potential of XML and its data mining capabilities will only be experienced by some. 
Given the irony that humans produce far more data than they can ever analyse alone, 
the development of XML mining techniques must keep pace with development and 
implementation of XML itself. Our focus in this paper has been to present the capability 
and benefits of data mining techniques to accomplish these tasks. There are many 
issues and problems that remain to be solved for the wide acceptance of XML data 
mining algorithms such as scalability, robustness and diversity. Nonetheless, the XML 
mining algorithms increases the potential of improving the document handling process 
in digital repositories. 
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